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I. INTRODUCTION 


Recent interest in excited baryons has been largely motivated by new experimental devel¬ 
opments [^: The observation of the exotic ©■*■ resonance of strangeness S = -|-1 has triggered 
diverse activities in both experimental and theoretical studies. The hnding of the 0+ has 
renewed interest in baryon spectroscopy. For instance, properties of the A(1405) has been 
reanalyzed, based on the idea of chiral perturbation theory and of dynamical generation from 
(anti) kaon-nucleon scattering. A meson-baryon bound-state picture suggests another type 
of the multi-quark structure. A spin-3/2“ partner of this resonance, i.e. A(1520) (= A*) 
whose mass is similar to that of 0^ but strangeness is opposite is yet another interesting 
resonance. It can be produced simultaneously in the 0^ photoproduction from the deuteron 
target. The LEPS collaboration is searching for the 0’'' associated with the production of 
the A* in photoproduction off the deuteron j^. Since the measurement of the A* can be 
performed much more reliably, the detailed understanding of the production mechanism of 
this resonance would be useful to extract information of the 0^. 

As far as the experimental data of the A* production are concerned, there are experiments 
reported so far: Boyarski (photoproduction) ef al. jsf, the Daresbury group (photoproduc¬ 
tion) 0, and the CLAS collaboration (electroproduction) P. However, these two production 
mechanisms showed rather different tendencies: While in Ref. and in the Daresbury ex¬ 
periment iF*-exchange is known to be dominant in the f-channel, the CLAS experiment 
indicates that pseudoscalar W-exchange governs the process. Moreover, the kinematical 
regions of these experiments are different, so that a mere comparison is not meaningful. 

In the present work, we investigate the photoproduction of the A* near the threshold. 
Based on the effective Lagrangian for meson-baryon vertices, we use the Born approximation. 
We introduce form factors at the vertices, which reflect the internal structure of hadrons but 
bring in model dependence. However, there is a caveat: Introducing the form factors violates 
the gauge invariance of the electromagnetic interaction, which causes the Ward-Takahashi 
identity to be broken. Thus, we have to take care of the form factors to restore the gauge 
invariance. Since there is no unique theoretical way to introduce the gauge-invariant form 
factors, we shall adopt the prescriptions discussed in Refs. jl,0,0]. 

In the present approa ch, we treat the A* with spin J = 3/2 in the Rarita-Schwinger 
formalism j9|, |l0|, [ill, |l3|, [ij, |l5|, |l^. Since we consider the production of the real A*, 
the uncertainty of the off-shell parameter in the Rarita-Schwinger parameterization can be 
minimized. In the present calculation, we consider both K- and iF*-exchanges in the t- 
channel. They show very different behaviors for spin-dependent quantities, which will be 
useful to study the mechanism of the photoproduction. Unknown parameters such as strong 
coupling constants and magnetic moments of the A* will be adjusted so as to reproduce 
experimental data, being guided by the quark model. We shall consider the photo-reactions 
for both proton and neutron targets in order to study the role of the isospin in understanding 
the reaction mechanism. 

The outline of the paper is as follows: In Section 2, we describe the effective Lagrangians 
for various meson-baryon vertices and construct the invariant amplitudes. In Section 3, we 
demonstrate numerical results for total and differential cross sections both for the proton and 
neutron targets. Theoretical predictions are then compared with the existing experimental 
data. In the hnal Section, we will summarize the present work with some discussions. 


2 


II. GENERAL FORMALISM 
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FIG. 1: The Feynmann diagrams 


We begin with the effective Lagrangians relevant to the jN —> KA* process as depicted 
in Fig. n We define the momenta of photon, pseudo-scalar kaon K, vector meson K*, 
nucleon and A* in the figure. For convenience, vector iF*-exchange in the t-channel and 
contact diagrams will be called as the n-channel (vector channel) and c-channel (contact- 
term channel), respectively. We need to consider all diagrams shown in Fig. ^for the proton 
target, whereas only the magnetic term in the s-channel, iF*-exchange in the v and u- 
channels are required for the neutron target. In order to formulate the effective Lagrangians 
including spin-3/2 particles, we employ the Rarita-Schwinger (RS) field which we summarize 
in the Appendix. 

The relevant effective Lagrangians are given as : 
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( 1 ) 


where N, A/, K and denote the nucleoji. A*, pseudoscalar kaon and photon fields, 
respectively. The interaction for the K*NA* vertex is taken from Ref. ^3- -As for the 'yA*A* 
vertex in the w-channel, we utilize the effective interaction suggested by Ref. US which 
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contains four form factors of different multipoles. We ignore the electric coupling Fi, since 
the A* is neutral. We also neglect F 3 and F 4 terms, assuming that higher multipole terms 
are less important. Hence, for the photon coupling to A*, we consider only the magnetic 
coupling term F 2 whose strength is proportional to the anomalous magnetic moment of the 
A*, i.e. ka* which is treated as a free parameter. The off-shell term Z) of the spin-3/2 

particle is dehned in general as follows Ullll: 


Z) — + I 2 + - 2^)1 7At7!^- ( 2 ) 

If we choose A = —1 0 , 1110 , we can rewrite Eq. (j2I) in the following form with a new 
parameter X = —{Z + l/2)\ 

(3) 


where X is regarded as a free parameter in the present work. 

In order to determine the coupling constant Qkna*, we make use of the full width Ta = 
15.6 MeV and the branching ratio 0.45 for the decay A* 

KNA* can be obtained by the following relation : 


KN 1^. The coupling constant 


Qkna* 


P 3 




zM' = h(P2)75P3%(^l), (4) 


where Pi, P 2 and P 3 stand for the momenta of A*, N and K, respectively for the two-body 
decay A* — >■ KN in the center of mass frame. Thus, we obtain Qkna* ~ H - As for the 
K*NA* coupling constant, we will choose the values of \gK*NA*\ = 0 and | 5 'A:*ArA*| = H 
for the numerical calculation. In the non-relativistic quark model, if A* is described as 
a p-wave excitation of flavor-singlet spin-3/2 state, it is shown that the strength of the 
K*NA* coupling constant is of the same order as that of KNA* or even larger than that. 
The coupling constant of the g-yK*K is taken to be 0.254 [GeV“^] for the charged decay and 
0.388 [GeV“^] for the neutral decay 0|. 

Taking all of these into consideration, we construct the invariant amplitudes as follows : 
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where e and are the photon polarization vector and the RS vector-spinor which is dehned 
as follows: 
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( 6 ) 














( 7 ) 


with the Clebsh-Gordon coefficient ( 1 A|s||s 2 ). stands for the spin-3/2 propagator: 


1 2 qf.'lu + qf.lu 

9,u 37m7. 3^^^ 

In Eq. we have shown how the four-dimensional form factor is inserted in such way 
that gauge-invariance is preserved. As suggested in Ref. Bi, we adopt the following 
parameterization for the four-dimensional form factors: 
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( 8 ) 


The form of Fi^c is chosen such that the on-shell values of the coupling constants are repro¬ 
duced. 

We consider another type of the form factor with the three-momentum cutoff, which is 
parameterized as follows: 


F2m,\k2\) 


f \ / — Pkna* \ 

VAl + l^lp/ \ A 2 -|- |fc2|2 / 


(9) 


where ki and ^2 denote the momenta of the initial photon and hnal kaon, respectively. We 
will multiply all the amplitudes M.s,t,u,c,v by the form factor F 2 to maintain gauge-invariance. 
In order to satisfy the normalization condition for the KNA* vertex, we set Prnk* = 238 
MeV, considering the decay process A* —> KN. The cutoff masses Ai and A 2 will be adjusted 
to produce the data of the total cross section a^p^x+A*- 


III. NUMERICAL RESULTS 

A. 7 A —> KA* without the form factors 

We hrst consider the numerical results for the total cross section of the 7 A —>■ KA* 
process without form factors to examine the contributions of various channels which are 
depicted as functions of the incident photon energy in Fig. |21 Here, we choose the 
unknown parameters as follows: k\* = 1.0, X = 1 and Qk^na* = 9kna* = +11- The 
parameter dependence will be discussed later. The contact term, i.e. c-channel is dominant 
over all other channels for the proton target, as shown in the left panel of Fig. |21 Near the 
threshold, in particular, the c- and n-channels are characterized by the energy dependence 
of the s-wave type, i.e. a ~ {E^ — EthY^^ where Eth stands for the threshold energy, 
although the magnitude of the n-channel is much smaller than that of the c-channel. On 
the other hand, the s-, u-, and t-channels are governed by the p-wave, due to which their 
contributions turn out to be much smaller than those of the c- and n-ones in the vicinity 
of the threshold. 

In the case of the neutron target, as depicted in the right panel of Fig. |21 the contact 
term is absent, which makes the s-channel the largest. Moreover, we also find a destructive 
interference between the s-, u- and n-channels, so that the total cross section for the neutron 
target turns out to be much smaller than that for the proton one. Although it is not shown 
here, we verihed that forward scattering is enhanced both in the proton and neutron targets 
when the form factors are turned off. 
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FIG. 2: Each contribution of various channels to the total cross sections without form factors. In 
the left panel, the total cross section for the proton target is depicted, while in the right panel 
that for the neutron one is drawn. We choose the parameters as follows: = (1,1) and 

gxNA* = + 11 - 


B. 'jN KA* with the form factor Fi 

We are now in a position to introduce the form factor Fi defined as in Eq. (jH|). In 



FIG. 3: The total cross sections for the proton target with the form factor Fi. The s-, t- and 
c-channel contributions are drawn separately. The experimental data are taken from Ref. 0| 

Fig. El the S-, t- and c-channel contributions to the total cross section for the proton target 
are drawn, separately. Note that they do not contain the parameters such as ka*, X and 
9k*nk*- The experimental data are taken from Ref. in the range of the photon energy: 
2.8 GeV < E-y < 4.8 GeV. The cutoff parameter is hxed to reproduce the experimental 
data. Ai = 750 MeV is our best value. However, the results at higher energies should be 
taken cautiously, since the Born approximation is reliable only in the low-energy region near 
the threshold. In fact, we have found that the total cross section depends much on the 
parameters such as and X beyond E^>3 GeV, whereas it turns out that its dependence 
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on those parameters is rather weak when <3 GeV 0 - Therefore, we focus most of our 


discussion below E^<3 GeV, where the Born approximation is expected to be reliable. It is 
interesting to observe that the size and energy dependence of the total cross section of the 
A*(1520) production are similar to those of the production of the ground state A(1116) j^0|. 

As shown in Fig. |2l the c-channel is the most dominant contribution without which one 
can never reproduce the data for the proton target. On the other hand, the s-channel 
contribution is almost negligible and the t-channel is marginal. 

Figure m depicts the total cross sections with the coupling constant gK*NA* varied. We 
basically use the relation Qk^na* = M9kna*\, i-e. gK*NA* = ±11. The total cross sections 


k^,=-0.5,X=0 k^,=0.5, x=i 



FIG. 4: The total cross sections for the proton target with the form factor Fi. We choose {k.\* , X) = 
(—0.5,0) and (0.5,1) in order to see the parameter dependence. We choose three different values 
of the coupling constant gK*NA* = 0 and ±11. 

are rather insensitive to its values. 

These two results are also compared for the two different parameter sets, i.e. {k\*,X) = 
(—0.5,0) and (0.5,1). As discussed previously, the results do not depend much on these 
parameters at E^<3 GeV. In the quark model, it is found that the anomalous magnetic 

moment ka* turns out to vanish in pure SU{3) symmetry. Taking into account explicit SU (3) 
symmetry breaking, we expect that the values of may he in the range of < 0.5. 
However, we hnd from Fig. |3]that the dependence on k\* within this range is rather small. 
Therefore, these two parameters ka* and X can be safely set to be zero, i.e. ka* = X = 0. 

In Fig. El we depict the dependence on the momentum transfer, da/dt (f-dependence) 
at E^ = 3.8 GeV which is the average energy of the Daresbury experiment (2.8 < E^ < 4.8 
GeV) 01 . The hgure indicates that the present work is in good agreement with the data. 
In Fig. El we also demonstrate the angular dependence. Here, 6 is the angle between the 
incident photon and the outgoing kaon in the center of mass system. Each panel draws the 
differential cross sections da/d{cos6) with gx^NA* varied. We observe that iF*-exchange 
does not contribute much to the differential cross sections as in the case of the total cross 
sections (see also Fig. il). 

Figure [ 7 | predicts the total cross section for the neutron target and da/dt at E.^ = 3.8 
GeV with the form factor Ei being employed. In this case, the contact term is absent, 
since the process yn —>■ K^K* is the neutral one (see Eq. ®)- Its absence causes the total 
cross section to become much smaller than that for the proton target. The left panel 
of Fig. [7| depicts the total cross sections with the three different values of the coupling 
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FIG. 5: The i-dependence for the proton target at = 3.8 GeV. We choose {k\*,X) = (0,0). 
The experimental data are taken from Ref. 0] 
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FIG. 6: The differential cross sections for the proton target with the form factor Fi. Several photon 
energies are taken into account. We choose (ka*, V) = (0,0). 

constant gK*NA*- i^*-exchange plays a significant role in describing the A* production off 
the neutron. Furthermore, the total cross section is proportional to by 

/F*-exchange. When K* exchange is switched off, i.e. Qk^na* = 0, the total cross section is 
strongly suppressed and the p-wave is found to be dominant, so that its energy dependence 
is changed to be proportional to {E^ — as shown in Fig. 0 

In the right panel of Fig. 0 da/dt is drawn at E^ = 3.8 GeV. It is natural that the t- 
dependence for the neutron target be very different from that for the proton, since dominant 
diagrams are different for each case. 

Figure 0 presents the differential cross sections for the neutron target with three different 
values of gK*NA*- While the sign of the coupling constant does not change the results, its 
absolute value seems to be of great importance. For example, iF*-exchange being included 
with gK*NA* = ill; Ihe differential cross sections are enhanced around 45°. Note that 
the sign of gK*NA* is not important. The bump around 45° is a typical behavior when we 
introduce the form factor like Ei in the t-channel. 
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FIG. 7: In the left panel, the total cross sections are depicted for the neutron target with the 
form factor Fi, while in the right panel the t-dependence is drawn at = 3.8 GeV. We choose 
= (0,0) and three different values of the coupling constants, i.e. qk^na* = 0 and ±11. 
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FIG. 8: The differential cross sections for the neutron target with the form factor Fi. Several 
photon energies are taken into account. We choose {kj^*,X) = (0,0). 


C. 'fN —> KA* with the form factor F2 

When the form factor F 2 defined in Eq. © is used, the results turn out to be quite different 
from those with Fi. We determine the cutoff mass A 2 = 650 MeV by fitting the total cross 
section to the experimental data around ~ 3 GeV from Ref. |^. As in the previous case, 
we fix two parameters {k\*,X) = (0,0), so that the relevant contributions are from the s-, 
t-, c- channels and A'*-exchange. 

In the left panel of Fig El we show the total cross sections as functions of the incident 
photon energy for the proton target. While the energy dependence looks similar to that 
with the form factor Fi as drawn in Fig. El the magnitude is quite larger than that. Moreover, 
the energy dependence of K* exchange is changed by replacing the form factor Fi by the 
F 2 as shown in Fig El This can be understood by comparing the F 2 with the Fi, dehned in 
Eqs. ©0, respectively. While the form factor F 2 has an overall energy dependence, the Fi 
does not. 

We plot the f-dependence for the proton target in the right panel of Fig. El using the form 
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FIG. 9: In the left panel, the total cross sections are depicted for the proton target with the form 
factor Fi, while in the right panel the t-dependence is drawn for the proton target at = 3.8 GeV. 
We choose = (0,0) and three different values of the coupling constants, i.e. qk^na* = 0 

and ±11. 

factor F 2 . The curves show quite different t-dependence from those with the Fi (Fig. |^. 
Thus, the results deviate from the data when using the F 2 , though we have obtained the 
reasonable size and energy dependence of the total cross sections as shown in the left panel 
of Fig. El 



FIG. 10: The differential cross sections for the proton target with the form factor F 2 . Several 
photon energies are taken into account. We choose {kj^*,X) = (0,0). 

In Fig. uni we depict the differential cross sections for the proton target at = 3.8 
GeV with the form factor F 2 . Compared to those with Fi drawn in Fig. El they look very 
different. When the F 2 is employed, the backward peak is enhanced as the energy increases, 
whereas the Fi does the forward one. These behaviors arise from the different angular 
dependences of the form factors. Note that the Fi suppresses the differential cross sections 
at backward angles, while the F 2 does not influence the angular distribution. The ambiguity 
arising from the form factors is one of the sources of theoretical uncertainties in describing 
hadronic reactions, in particular, at the higher energy region. By fitting the results to the 
experimental data, we can reduce those uncertainties. 

Finally, we discuss the total cross sections for the neutron target. The left panel of Fig.fTTI 
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draws them and the right one the t-dependence, and Fig. ^Jthe angnlar distribntion. In 
contrast with those with the form factor Fi, the sign and absolnte valnes of Qk^na* do not 
influence mnch the total cross sections, since the form factor F 2 snppresses all channels on 
the same footing. Thus, the magnitudes of the total cross sections are rather similar to those 
of the proton target. As shown in Fig. the backward bump is even more enhanced as 




FIG. 11: In the left panel, the total cross sections are depicted for the neutron target with the 
form factor Fi, while in the right panel the t-dependence is drawn at = 3.8 GeV. We choose 
(ka*. A) = (0,0) and three different values of the coupling constants, i.e. qk^na* = 0 and ±11. 


the energy increases in comparison with those for the proton target. However, as the energy 
increases, the size of the bump is more or less saturated. 
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FIG. 12: The differential cross sections for the neutron target with the form factor F 2 . Several 
photon energies are taken into account. We choose = (0,0). 


D. Comparison to the 7A —> reaction 

Recently, the LEPS collaboration has performed an experiment searching for the 
in the two-body process ■yd —>■ A*0+. Since, the statistics for the A* photoproduction is 
much higher than that of the 0+, the reaction can be used to extract information on the 
production mechanism of the 0+ by comparing it with with the A* photoproduction. In the 
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1^1 and gK*Ne — +\/^gKNe |2^- The 
1 MeV. Then we hnd that the total 


previous studies j21, 113 and in the present work, we have observed that the 7/1 —K 0+ and 
7 P —>■ K^A* reactions are less parameter-dependent. Note that both are charge-exchange 
processes. We first consider the positive-parity 0+ with spin-l/2+. We apply the gauge- 
invariant from-factor Fi with the cutoff mass A = 750 to both reactions. The coupling 
constants for the 0 ’'' are taken to be = 1-0 

former corresponds to the decay width Vq^kn ^ 
cross section for the 0"^ photoproduction is 2 ~ 3 nfc in average up to = 3.0 GeV. 
The angular dependence shows a bump around 50° at = 1.8 GeV. The bump moves 
closer to 0 = 0 as the photon energy increases. Since the angular dependence of the A* 
photoproduction is enhanced in the forward direction as the photon energy increases (see 
Fig. ini), the angular dependences for both reactions are qualitatively similar each other. 
Gonsidering the angular dependences of the two reactions and the present total cross section 
of the A* photoproduction (see Fig.Hj), we find the ratio R of the total cross sections of these 
two reactions as follows: 


R = 


a. 


■yn- 


*K-e+ 


a. 


yp- 


^K+A* 


1 


400 


( 10 ) 


As for the negative-parity the values of R will be decreased approximately by a 
factor of 10 [13. We verify that even if we use the form factor F 2 , the situation does not 
change much. 


IV. THE ROLE OF AT^-EXCHANGE 

In Ref. [3 of the Daresbury experiment, it was argued that the A* photoproduction was 
dominated by vector iF*-exchange (n-channel) rather than pseudoscalar iF-exchange (t- 
channel) by analyzing the decay amplitude in the t-channel in the helicity basis of the A*. 
If the helicity of the A* is = ±3/2, the decay of A* — K~p is explained by sin^ 6* in 
which 9 is the angle between the two kaons in the helicity basis (see Ref. |3 for details). 
On the other hand, 1/3-1- cos^ 6* characterizes the angular dependence of the decay of the 
Sz = ±1/2 state. Therefore, taking into account the ratio of these two helicity amplitudes, 
one could extract information as to which meson would dominate. In Ref. |3, it was shown 
that the ratio of {Sz = ±1/2)/{Sz = ±3/2) was nearly zero. Thus, it was suggested that 
the A* photoproduction was dominated by the n-channel. 

In Fig. Uni we plot the t-dependence for each helicity using the form factor Fi with 
three different values for the coupling constants gK*NA*- Here, we do not discuss the case 
of using the form factor F 2 , since this form factor fails to reproduce the experimental data 
of Ref. 13 • We choose = 3.8 GeV as done previously. In Fig. [121 we observe that the 
Sz = ±3/2 contribution is dominant especially in the region —t < 0.2 GeV“^. There is also a 

small contribution from the Sz = ±1/2. However, we hnd that even without the n-channel 
{gK*NA* = 0) the Sz = ±3/2 does not become zero. Therefore, the Sz = ±3/2 contribution 
comes not only from the n-channel but also from the other channels. 

In order to see this situation more carefully, we pick up three important channels, the 
C-, t- and f-channels, and plot the t-dependence for each helicity in Fig. El One can see 
that the Sz = ±1/2 contribution is larger than that of the Sz = ±3/2 for pseudoscalar K- 
exchange (t-channel), and vice versa for the n-channel. We also observe that the c-channel 
has sizable contributions to both Sz = ±1/2 and Sz = ±3/2 amplitudes. From these 
observations, our model calculation using the form factor Fi indicates that the Sz = ±3/2 
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FIG. 13: The i-dependence for each helicity of the A* in the final state. We change the coupling 
constant gK*NA*- We choose {k\*,X) = (0,0). 



FIG. 14: The t-dependence for the two helicities Sz = ±1/2 and Sz = ±3/2 for the c-, t- and 
u-channels. 

contribution is significant as shown in Ref 0. However, most of the Sz = ±3/2 contribution 
comes from the c-channel, not from the n-channel as suggested in Ref. j^. We also hnd that 
the sizable Sz = ±1/2 contributions are produced from the c- and f-channels. Therefore, 
in order to reproduce a nearly zero value of the ratio of {Sz = ±l/2)/{Sz = ±3/2) |^, we 
need a more suppression factor in the t-channel, which is the major source of the Sz = ±1/2 
contribution in the A* photoproduction. 


V. SUMMARY AND CONCLUSIONS 

In the present work, we investigated the A*(1520, 3/2“) photoproduction via the jN —^ 
KA* reaction. We employed the Rarita-Schwinger formalism for describing the spin-3/2 
particle for a relativistic description. Taking into account the effective Lagrangians for 
the Born diagrams, we constructed the invariant amplitudes for the reaction. The model 
parameters such as the anomalous magnetic moment of A*, ka* and the off-shell parameter 
X were tested for their sensitivity. We found that the parameter dependence turned out 
to be rather weak in the low-energy region {E^<3 GeV). Furthermore, the quark-model 
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calculation indicated that ka* was relatively small and can be ignored. Therefore, we set 
these two unknown parameters, ka* and X, equal to zero for the numerical calculations. 
The coupling constant Qk^na* was taken to be 0 and ±11, since the quark model showed 
that gK*NA* was in the same order as Qkna*- In order to check the theoretical ambiguities, 
we used the gauge-invariant four-dimensional form factor Fi and the three-dimensional one 
± 2 . 

We performed the numerical calculations for the qp — K^A* and qn — K^A* separately 
for the two different types of the form factors. As for the total cross sections for the pro¬ 
ton target, these two different form factors gave similar results in magnitude and energy 
dependence, whereas quite different behaviors were found for the neutron target. The total 
cross sections for the neutron target using the form factor Fi are much smaller than those 
with the ± 2 - However, since the ±2 failed to reproduce the existing experimental data of 
the momentum transfer t-dependence for the proton target, it can be ruled out. The Fi 
describes it qualitatively well. We summarize the whole numerical results briefly in Table. HI 


Form factor 

Fi 

±2 

Reactions 

qp ^ K^A* 

qn ^ 

qp —> A* 

qre ^ K^A* 

a 

da/d{cos 6) 
da/dt 

~ 900 nb 
Forward peak 
Good 

~ 30 nb 

Peak at ~ 45° 

No data 

~ 1200 n6 
Backward peak 
Bad 

~ 700 n6 
Backward peak 
No data 


TABLE I: Summary of the results. 


When we compare the present results to those for the ©■*■ photoproduction, the ratio of 
the total cross sections for these two photo-reactions turns out to be 1/300 ~ 1/400 for the 
positive-parity 0+ baryon. As for the negative parity 0+, it is suppressed by a factor of 
about ten (2ll. l22| |. We conhrm that this ratio is less dependent on the model parameters 
for the charge-exchange reactions such as (qn —>■ qp —> K~^A*). As for the helicity 

dependence, though the contribution of the Sz = ±3/2 was dominant, it was not directly 
related to the A'*-exchange dominance as suggested in in Ref. |^. 
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Appendix 


A. Rarita-Schwinger vector-spinor 

We can write the RS vector-spinors according to their spin states as follows: 


= e+(P2)M(P2, ^), 

= \/|e^;(P2)«(P2.i) + ^e^(p.)«(p..-l). 

«'‘(P2,-^) = ^e^(P2)M(P2,i) + ^eg(p2)ii(p2,-1), 
= e-(P2)M(p2,-^). 


( 11 ) 


Here, we employ the basis fonr-vectors, which are written by 


^2 X (ex-P2 . . P2{ex-P2) , 

^xiP2) = 1 ^ ca + „ 2 n ,, 2 I with 


M, 


B 


Mb{p^2 + M, 


B 


1 1 

e+=-^(l,s,0), eci = (0,0,1) and e_ = ;^(1,-!,0). 


( 12 ) 
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